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(54) LIQUID CRYSTAL DISPLAY DRIVER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a liquid crystal display driver 
in which low power consumption, high speed operations and stability 
providing a hardly any oscillating condition are simultaneously 
satisfied. 

SOLUTION: Voltages VREF0 to VREF(N-1), which are obtained by 
resistively voltage dividing the potential between a power supply 
voltage VDD and a ground potential VSS, are impedance converted 
by operational amplifiers OP0 to OP(N-1). A switch SWHM is added 
between the voltage VDD and the output of the operational amplifier 
OPM. A switch SWLM is added between the potential VSS and the 
amplifier OPM. The switches SWHM and SWLM are switched by the 
output signals of comparators COHM and COLM which monitor the 
output voltages of the operational amplifiers. When the switch SW0 is 
switched to the switch SWM, a high speed operation is conducted 
using the electric supply from the potential VDD or the potential VSS for a sudden change in the output 
voltage of the amplifier OPM. When the output voltage of the amplifier OPM is not changed (i.e., the 
switches SW0 and SWM are not switched), the operations are limited to the amplifier OPM only and 
therefore, the power consumption is similar to a conventional case and a stable condition for oscillation is 
realizwed. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Two or more switches which are the liquid crystal display driving gears 
which supply the multiple-value electrical potential difference which generates 
two or more electrical potential differences which drive a liquid crystal panel, and 
corresponded to the number of data lines of a liquid crystal panel, Two or more 
operational amplifiers which supply an electrical potential difference to said two 
or more switches, and the resistance for giving reference voltage to said two or 
more operational amplifiers, Two or more comparators which act as the monitor 
of the output of two or more of said operational amplifiers, It has the output of two 
or more of said operational amplifiers, and two or more switches infixed between 
ground potential between the output of two or more of said operational amplifiers, 
and supply voltage. The liquid crystal display driving gear constituted so that said 
two or more comparators might change said two or more switches at the time of 
data modification and the output voltage to a liquid crystal panel might be 
completed as it. 

[Claim 2] The liquid crystal display driving gear according to claim 1 
characterized by being a low power equivalent to a current at the time of the 
stationary of two or more of said operational amplifiers at the time of the 
stationary which the output current over the convergence time amount at the time 
of data modification is equipped with the capacity beyond the output current of 



two or more of said operational amplifiers, and does not have data modification. 
[Claim 3] Two or more switches which are the liquid crystal display driving gears 
which supply the multiple-value electrical potential difference which generates 
two or more electrical potential differences which drive a liquid crystal panel, and 
corresponded to the number of data lines of a liquid crystal panel, Two or more 
operational amplifiers supplied to said two or more switches, and the resistance 
for giving reference voltage to said two or more operational amplifiers, Have two 
or more comparators which act as the monitor of the output of two or more of 
said operational amplifiers, and the output voltage of two or more of said 
operational amplifiers is received. By increasing the bias of two or more of said 
operational amplifiers, and the capacity of the transistor which constitutes an 
output stage with said two or more comparators only at the time of data 
modification The liquid crystal display driving gear constituted so that the 
capacity of two or more of said operational amplifiers might be increased and the 
output voltage of two or more of said operational amplifiers might be completed. 
[Claim 4] The liquid crystal display driving gear according to claim 3 constituted 
so that the capacity of said transistor which constitutes bias and an output stage 
might be increased, the capacity of said transistor of bias and an output stage 
might be reduced at the time of a steady state without data modification and said 
two or more operational amplifiers might supply a low power and the stable 
electrical potential difference which is hard to oscillate, only when there was data 
modification. 

[Claim 5] Two or more switches which are the liquid crystal display driving gears 
which supply the multiple-value electrical potential difference which generates 
two or more electrical potential differences which drive a liquid crystal panel, and 
corresponded to the number of data lines of a liquid crystal panel, Two or more 
operational amplifiers OPO-OP (N-1) supplied to said two or more switches, The 
resistance for giving reference voltage VREF (0) - VREF (N-1) to said two or 
more operational amplifiers, Two or more N-channel MOS transistors infixed 
between the output of two or more of said operational amplifiers, and the power 



source, It has two or more P-channel MOS transistors between the output of two 
or more of said operational amplifiers, and ground potential, one electrical 
potential difference VREF (X) in the electrical potential difference VREF of the 
request for driving a liquid crystal panel (0) - VREF (N-1) this electrical 
potential difference VREF (X) - an electrical potential difference only with the 
high threshold electrical potential difference Vthp of two or more of said P- 
channel MOS transistors - or From VREF (X) of an electrical potential difference, 
to near [ where only the threshold electrical potential difference Vthn of the N- 
channel MOS transistor is low ] an electrical potential difference It is made to 
converge with supply voltage or ground potential in addition to the drive of two or 
more of said operational amplifiers. The liquid crystal display driving gear 
constituted after that so that the output voltage of two or more of said operational 
amplifiers might be completed as the desired electrical potential difference VREF 
(X) by the drive of a part for Vthp for a threshold electrical potential difference of 
said two or more P-channel MOS or the N-channel MOS transistor, or Vthn, and 
two or more of said operational amplifiers. 

[Translation done.] 
* NOTICES * 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the liquid crystal display driving 

gear which drives a liquid crystal panel. 

[0002] 

[Description of the Prior Art] Drawing 9 shows the conventional liquid crystal 
display driving gear. R0, R1, RM, R (M+1), RN The resistance for carrying 
out resistance partial pressure of the potential difference between supply voltage 
VDD and ground potential VSS, and generating reference voltage, and OP0-OP 
(N-1) The operational amplifier which carries out the buffer of the electrical 
potential difference VREF0 by which resistance partial pressure was carried out - 
the VREF (N-1), SW00-SW0 (N-1), and ... SWM0-SWM (N-1), and ... SW (N-1)0- 
SW (N-1) (N-1) It is an output selection switch for outputting the output voltage of 
operational amplifiers OP0-OP (N-1). An impedance is changed for an electrical 
potential difference VREF0 - VREF (N-1) with operational amplifiers OP0-OP (N- 
1). A desired electrical potential difference (following, VREF (X)) is outputted to a 
liquid crystal panel through Terminals OUT0-OUT (N-1) from the output selection 
switches SW00-SW0 (N-1) and the switch (following, SWX) with which it is 
chosen of the -SW(s) (N-1) (N-1). 
[0003] 

[Problem(s) to be Solved by the Invention] In order to use a liquid crystal panel 
for a pocket device or a personal digital assistant, in addition to a voltage output 
highly precise as a liquid crystal display driving gear, a high-speed drive and a 
low power are required. 

[0004] When it changes from switches other than Switch SWX to SWX with this 
conventional configuration, it is difficult to drive only by the capacity of 
operational amplifiers OP0-OP (N-1), and to fill both a low power and a high- 
speed drive. 

[0005] Furthermore, since the configuration of a voltage follower is taken, if a 
high speed is made to drive, it will be easy to oscillate operational amplifiers 



OPO-OP (N-1). This invention aims at offering a high-speed drive, a low power, 
and the stable liquid crystal display driving gear that is not oscillated. 
[0006] 

[Means for Solving the Problem] The liquid crystal display driving gear of this 
invention according to claim 1 Two or more switches which are the liquid crystal 
display driving gears which supply the multiple-value electrical potential 
difference which generates two or more electrical potential differences which 
drive a liquid crystal panel, and corresponded to the number of data lines of a 
liquid crystal panel, Two or more operational amplifiers which supply an electrical 
potential difference to said two or more switches, and the resistance for giving 
reference voltage to said two or more operational amplifiers, Two or more 
comparators which act as the monitor of the output of two or more of said 
operational amplifiers, It has the output of two or more of said operational 
amplifiers, and two or more switches infixed between ground potential between 
the output of two or more of said operational amplifiers, and supply voltage. It is 
characterized by constituting so that said two or more comparators may change 
said two or more switches at the time of data modification and the output voltage 
to a liquid crystal panel may be completed as it. 
[0007] At the time of the stationary which the output current over the 
convergence time amount at the time of data modification of this invention 
according to claim 2 is equipped with the capacity beyond the output current of 
two or more of said operational amplifiers, and does not still more specifically 
have data modification in claim 1 like, it is characterized by being a low power 
equivalent to a current at the time of the stationary of two or more of said 
operational amplifiers. 

[0008] According to this configuration, it can accelerate without being dependent 
on the capacity of an operational amplifier, a high speed and the stability of not 
oscillating are filled to coincidence, and since the power consumption for 
improvement in the speed is only an inserted part of a comparator, it is further 
realizable by about several microampere. 



[0009] The liquid crystal display driving gear of this invention according to claim 3 
Two or more switches which are the liquid crystal display driving gears which 
supply the multiple-value electrical potential difference which generates two or 
more electrical potential differences which drive a liquid crystal panel, and 
corresponded to the number of data lines of a liquid crystal panel, Two or more 
operational amplifiers supplied to said two or more switches, and the resistance 
for giving reference voltage to said two or more operational amplifiers, Have two 
or more comparators which act as the monitor of the output of two or more of 
said operational amplifiers, and the output voltage of two or more of said 
operational amplifiers is received. By increasing the bias of two or more of said 
operational amplifiers, and the capacity of the transistor which constitutes an 
output stage with said two or more comparators only at the time of data 
modification The capacity of two or more of said operational amplifiers is 
increased, and it is characterized by constituting so that the output voltage of two 
or more of said operational amplifiers may be completed. 
[0010] Like, only when [ of this invention / according to claim 4 ] there is data 
modification in claim 3, the capacity of said transistor which constitutes bias and 
an output stage is increased, the capacity of said transistor of bias and an output 
stage is reduced at the time of a steady state without data modification, and it is 
still more specifically characterized by constituting so that said two or more 
operational amplifiers may supply a low power and the stable electrical potential 
difference which is hard to oscillate. 

[001 1] According to this configuration, the capacity of an operational amplifier is 
changed, bias and the transistor capacity of an output stage are increased, by 
high-speed operation and the steady state, bias and the transistor capacity of an 
output stage can be reduced, and a low power and operational stability can be 
reconciled according to a transient. 

[0012] The liquid crystal display driving gear of this invention according to claim 5 
Two or more switches which are the liquid crystal display driving gears which 
supply the multiple-value electrical potential difference which generates two or 



more electrical potential differences which drive a liquid crystal panel, and 
corresponded to the number of data lines of a liquid crystal panel, Two or more 
operational amplifiers OPO-OP (N-1) supplied to said two or more switches, The 
resistance for giving reference voltage VREF (0) - VREF (N-1) to said two or 
more operational amplifiers, Two or more N-channel MOS transistors infixed 
between the output of two or more of said operational amplifiers, and the power 
source, It has two or more P-channel MOS transistors between the output of two 
or more of said operational amplifiers, and ground potential, one electrical 
potential difference VREF (X) in the electrical potential difference VREF of the 
request for driving a liquid crystal panel (0) - VREF (N-1) - this electrical 
potential difference VREF (X) - an electrical potential difference only with the 
high threshold electrical potential difference Vthp of two or more of said P- 
channel MOS transistors - or From VREF (X) of an electrical potential difference, 
to near [ where only the threshold electrical potential difference Vthn of the N- 
channel MOS transistor is low ] an electrical potential difference It is made to 
converge with supply voltage or ground potential in addition to the drive of two or 
more of said operational amplifiers. It is characterized by constituting so that the 
output voltage of two or more of said operational amplifiers may be completed as 
the desired electrical potential difference VREF (X) after that by the drive of a 
part for Vthp for a threshold electrical potential difference of said two or more P- 
channel MOS or the N-channel MOS transistor, or Vthn, and two or more of said 
operational amplifiers. 

[0013] According to this configuration, at the time of a stationary without data 
modification, even if it is the same capacity as the former, since it is good, it 
becomes accelerable and it becomes possible of the drive of operational 
amplifiers OPO-OP (N-1) that it is good to the same extent [ the potential 
difference (Vthp+alpha), or (Vthn+alpha) power consumption and the stability 
over an oscillation of operational amplifiers OPO-OP (N-1) ] as the former. 
[0014] 

[Embodiment of the Invention] Hereafter, the gestalt of each operation of this 



invention is explained based on drawing 1 R> 1 - drawing 8 . In addition, the 
liquid crystal display driving gear of the conventional example shown in drawing 9 
can be written like drawing 10 , if it observes about an operational amplifier OPM. 
Here, VO takes as electrical potential differences other than VREFM of VREF (0) 
- the VREF(s) (N-1), and SWO is taken as switches other than the switch SWM of 
the switches SWO-SW (N-1). 

[0015] (Gestalt 1 of operation) If drawing 1 shows the liquid crystal display driving 
gear of the (gestalt 1 of operation) of this invention and observes an operational 
amplifier OPM, it can be written like drawing 2 . 

[0016] The conventional operational amplifiers OP0-OP (N-1) up and down 
Comparators COH0-COH (N-1), COL0-COL (N-1) are inserted. Comparators 
COHO-COH (N-1), Supply voltage VDD or ground potential VSS drives [ the 
output of COL0-COL (N-1) ] the output voltage of operational amplifiers OP0-OP 
(N-1) to near the electrical potential difference VREFX through Switches SWH0- 
SWH (N-1), and SWL0-SWL (N-1). 

[0017] drawing 1 - setting - RvO, RpepsilonO, Rv1, and Rn epsilonO, RvM, 
and RpepsilonM RnepsilonM Rv (M+1), Rv (N-1), Rpepsilon (N-1), Rnepsilon 
(N-1), and RvN The resistance for carrying out resistance partial pressure of the 
potential difference between supply voltage VDD and ground potential VSS, and 
generating reference voltage, and OP0-OP (N-1) The electrical potential 
difference VREF0 by which resistance partial pressure was carried out, 
VREFM, the operational amplifier that carries out the buffer of the VREF (N-1), 
SW00-SW0 (N-1), and ... SWMO-SWM (N-1), and ... SW (N-1)0-SW (N-1) (N-1) It 
is an output selection switch for choosing the output voltage of operational 
amplifiers OP0-OP (N-1), and outputs to liquid crystal panel LCD from Terminals 
OUT0-OUT (N-1). 

[0018] The comparator with which COH0 compares the output voltage and 
reference voltage VREF (0+alpha) of an operational amplifier OP0, The switch 
with which SWH0 was infixed between supply voltage VDD and the output of an 
operational amplifier OP0, The comparator with which COLO compares the 



output voltage and reference voltage VREF (0-alpha) of an operational amplifier 
OPO, SWLO is the switch infixed between ground potential VSS and the output of 
an operational amplifier OPO, closing motion is changed with the output of a 
comparator COL 0, and, as for a switch SWHO, closing motion is changed with 
the output of a comparator COH0, as for a switch SWLO. 
[0019] The comparator with which COHM compares the output voltage and 
reference voltage VREF (M+alpha) of an operational amplifier OPM about an 
operational amplifier OPM similarly hereafter, The switch with which SWHM was 
infixed between supply voltage VDD and the output of an operational amplifier 
OPM, The comparator with which COLM compares the output voltage and 
reference voltage VREF (M-alpha) of an operational amplifier OPM, SWLM is the 
switch infixed between ground potential VSS and the output of an operational 
amplifier OPO, closing motion is changed with the output of Comparator COLM, 
and, as for Switch SWHM, closing motion is changed with the output of 
Comparator COHM, as for Switch SWLM. 

[0020] The comparator with which COH (N-1) compares the output voltage and 
reference voltage VREF (N-1) (+alpha) of an operational amplifier OP (N-1) 
about an operational amplifier OP (N-1), The switch with which SWH (N-1) was 
infixed between supply voltage VDD and the output of an operational amplifier 
OP (N-1), The comparator with which COL (N-1) compares the output voltage 
and reference voltage VREF (N-1) (-alpha) of an operational amplifier OP (N-1), 
SWL (N-1) is the switch infixed between ground potential VSS and the output of 
an operational amplifier OP (N-1). Closing motion is changed with the output of 
Comparator COL (N-1), and, as for Switch SWH (N-1), closing motion is changed 
with the output of Comparator COH (N-1), as for Switch SWL (N-1). 
[0021] As shown in drawing 2 , R1_1, R2_1, Rpepsilonl, and Rnepsilon2 are 
resistance which generates reference voltage VREF (M). The electrical potential 
difference VREF (M+alpha) pressured partially by resistance R1JI and 
resistance Rpepsilonl -R2_1 is inputted into the inversed input terminal (-) of 
Comparator COH. The electrical potential difference VREF (M) pressured 



partially by resistance R1_1-Rpepsilon1 and resistance Rnepsilon2-R2_1 is 
inputted into the non-inversed input terminal (+) of an operational amplifier OPM. 
The electrical potential difference VREF (M-alpha) pressured partially by 
resistance R1_1-Rnepsilon2 and resistance R2_1 is inputted into the inversed 
input terminal (-) of Comparator COLM. 

[0022] An operational amplifier OPM takes a voltage follower configuration, and 
the output Mout of an operational amplifier OPM supplies an electrical potential 
difference VREF (M) to the non-inversed input terminal (+) of Comparator COHM, 
the non-inversed input terminal (+) of Comparator COLM, and Switch SWM. 
[0023] Comparators COHM and COLM use supply voltage VDD and ground 
potential VSS for a high speed, and complete the output Mout of an operational 
amplifier OPM as it. SWM and SW0 are the switches for an output change of the 
output Mout of an operational amplifier OPM, and the output voltage V0 of other 
operational amplifiers. 

[0024] Thus, the actuation is explained about the constituted liquid crystal display 
driving gear. If the switch SW0 is chosen and Switch SWM is chosen from the 
condition that VO electrical potential difference is outputted to Terminal OUTM, 
the output voltage VREF of an operational amplifier OPM (M) will be outputted. 
[0025] In this case, from the case where potential rises to VREF (M) and it 
converges from potential lower than VREF (M), and potential higher than VREF 
(M), potential may descend to VREF (M) and the method of change of the 
electrical potential difference of the output Mout of an operational amplifier OPM 
may be converged. 

[0026] First, the case where potential rises to VREF (M) and it converges from 
potential with the output Mout of an operational amplifier OPM lower than VREF 
(M) is explained. At this time, only an operational amplifier OPM operates and the 
initial state of the output Mout of an operational amplifier OPM completes the 
potential of an output Mout to VREF (M), when potential is higher than VREF (M- 
alpha). Since an electrical-potential-difference range is as small as a potential 
alpha bolt at this time, even if it drives with the output Mout of an operational 



amplifier OPM, high-speed operation is possible enough, alpha bolt is 
VREF(M+alpha)-VREF(M) =. alphaVREF(M)-VREF(M-alpha) = It is alpha. 
[0027] However, when the output Mout of an operational amplifier OPM is 
smaller than VREF (M-alpha), an electrical-potential-difference range is large. In 
this case, Comparator COLM makes Switch SWHM turn on to the potential near 
VREF (M-alpha), and supply voltage VDD is supplied until it becomes an 
electrical potential difference near VREF (M-alpha) to an output Mout. 
[0028] When the electrical potential difference of the output Mout of an 
operational amplifier OPM turns into an electrical potential difference near VREF 
(M-alpha), Comparator COLM turns off Switch SWHM and the supply from 
supply voltage VDD is cut. Then, with an operational amplifier OPM, it is made to 
go up to the VREF (M) potential from VREF (M-alpha), and Terminal OUTM is 
converged on an electrical potential difference VREF (M). 
[0029] Thus, only when [ big, Transient Mout, i.e. an output, ] changing, in order 
to supply supply voltage VDD with Comparator COLM, it becomes accelerable 
though it is the capacity of the operational amplifier OPM equivalent to the former. 
[0030] Next, the case where potential descends to VREF (M) and it converges 
from potential with the output Mout of an operational amplifier OPM higher than 
VREF (M) is explained. At this time, only an operational amplifier OPM operates 
and the initial state of Terminal OUTM completes the potential of Terminal OUTM 
to VREF (M), when potential is lower than VREF (M+alpha). At this time, even if 
an electrical-potential-difference range drives only with potential alpha and the 
small operational amplifier OPM, high-speed operation is fully possible. 
[0031] However, when the output Mout of an operational amplifier OPM is larger 
than VREF (M+alpha), an electrical-potential-difference range is large. In this 
case, it supplies until Comparator COHM makes Switch SWLM turn on and 
ground potential VSS serves as an electrical potential difference near VREF (M- 
alpha) to an output Mout to the potential near VREF (M-alpha). 
[0032] When the electrical potential difference of the output Mout of an 
operational amplifier OPM turns into an electrical potential difference near VREF 



(M+alpha), Comparator COHM makes Switch SWLM turn off and cuts the supply 
from ground potential VSS. Then, with an operational amplifier OPM, it is made 
to go up from VREF (M-alpha) to VREF (M), and the output Mout of an 
operational amplifier OPM is converged on an electrical potential difference 
VREF (M). 

[0033] (Gestalt 2 of operation) Drawing 3 - drawing 6 show the liquid crystal 
display driving gear of the (gestalt 2 of operation) of this invention. Drawing 3 
shows the liquid crystal display driving gear of the (gestalt 2 of operation) of this 
invention. Operational amplifiers OPO-OP (N-1) up and down Comparators 
COHO-COH (N-1), By inserting COLO-COL (N-1), and inputting the output of this 
comparator into operational amplifiers OPO-OP (N-1) It differs from the former in 
that the bias of operational amplifiers OPO-OP (N-1) and the transistor capacity 
of an output stage are changed in the time of a transient and a steady state. 

[0034] drawing 3 -- setting - RvO, RpepsilonO, Rv1, and Rn - epsilonO RvM, 

and RpepsilonM RnepsilonM Rv (M+1) Rv (N-1), Rpepsilon (N-1), Rnepsilon 

(N-1), and RvN The resistance for carrying out resistance partial pressure of the 
potential difference between supply voltage VDD and ground potential VSS, and 
generating reference voltage, and OPO-OP (N-1) The electrical potential 
difference VREFO by which resistance partial pressure was carried out, .... 

VREFM the operational amplifier that carries out the buffer of the VREF (N-1), 

SW00-SW0 (N-1), and ... SWMO-SWM (N-1), and ... SW (N-1)0-SW (N-1) (N-1) It 
is an output selection switch for choosing the output voltage of operational 
amplifiers OPO-OP (N-1), and outputs to liquid crystal panel LCD from Terminals 
OUTO-OUT (N-1). 

[0035] The comparator with which COHO compares the output voltage and 
reference voltage VREF (0+alpha) of an operational amplifier OPO, and COLO 
are comparators which compare the output voltage and reference voltage VREF 
(0-alpha) of an operational amplifier OPO, and the capacity of an operational 
amplifier OPO is controlled by the output of comparators COHO and COLO, this 
(gestalt 2 of operation) - the concrete configuration of an operational amplifier 



OPO is mentioned later. 

[0036] Hereafter, similarly, about the operational amplifier OPM, the comparator 
with which COHM compares the output voltage and reference voltage VREF 
(M+alpha) of an operational amplifier OPM, and COLM are comparators which 
compare the output voltage and reference voltage VREF (M-alpha) of an 
operational amplifier OPM, and the capacity of an operational amplifier OPM is 
controlled by the output of Comparators COHM and COLM. 
[0037] The comparator with which COH (N-1) compares the output voltage and 
reference voltage VREF (N-1) of an operational amplifier OP (N-1) about an 
operational amplifier OP (N-1), COL (N-1) is a comparator which compares the 
output voltage and reference voltage VREF (N-1) (-alpha) of an operational 
amplifier OP (N-1), and is controlling the capacity of an operational amplifier OP 
(N-1) by the output of Comparators COH (N-1) and COL (N-1). 
[0038] If an operational amplifier OPM is observed, drawing 3 can be written like 
drawing 4 . As shown in drawing 4 , R1_2, R2_2, RpepsilonM, and RnepsilonM 
are resistance which generates reference voltage. The electrical potential 
difference VREF (M+alpha) pressured partially by resistance R1_2 and 
resistance RpepsilonM-R 2_2 is inputted into the reversal input (-) of Comparator 
COHM. The electrical potential difference VREF (M) pressured partially by 
resistance R1_2 - RpepsilonM, and resistance RnepsilonM-R 2_2 was inputted 
into the noninverting input (+) of an operational amplifier OPM, and it has 
inputted into resistance R1_2 - RnepsilonM, and the electrical potential difference 
VREF (M-alpha) pressured partially by resistance R2_2. COHM and COLM are 
the comparators for changing capacity to a slow mode, after converging on fast 
mode, in order to complete the operational amplifier output Mout as a high speed. 
[0039] The operational amplifier OPM is constituted as shown in drawing 5 . The 
operational amplifier OPM consists of the differential amplifier section which 
consists of P-channel MOS transistors MP1, MP2, MPS, and MP6 and N-channel 
MOS transistors MN1, MN2, MN5, and MN6, a control circuit 100, and P-channel 
MOS transistor MP3, and MP4 and the output stage which consists of N-channel 



MOS transistors MN3 and MN4. A control circuit 100 constitutes AB class circuit 
of an operational amplifier, and this circuit determines transistor MP3, the 
consumed electric current of MN3, and current capacity. 

[0040] Thus, the actuation is explained about the constituted liquid crystal display 
driving gear. If the switch SW0 is chosen and Switch SWM is chosen as the 
output Mout of an operational amplifier OPM from the condition that the electrical 
potential difference V0 is outputted, the output voltage VREF of an operational 
amplifier OPM (M) will be outputted. 

[0041] In this case, from potential higher than the case where potential rises to 
VREF (M) and it converges from potential lower than VREF (M), and VREF (M), 
potential may descend to VREF (M) and the method of change of the electrical 
potential difference of the output Mout of an operational amplifier OPM may be 
converged. 

[0042] First, the case where potential rises to VREF (M) and it converges from 
potential with the output Mout of an operational amplifier OPM lower than VREF 
(M) is explained. At this time, only an operational amplifier OPM operates and the 
initial state of the output Mout of an operational amplifier OPM completes the 
potential of the output Mout of an operational amplifier OPM to VREF (M), when 
potential is higher than VREF (M-alpha). Since an electrical-potential-difference 
range is as small as alpha at this time, even if it drives only with an operational 
amplifier OPM, high-speed operation is possible enough. 
[0043] Moreover, at this time, to an operational amplifier OPM, the signal of "L" 
level is outputted as a control signal, consequently the switches SWH1 and 
SWH2 of drawing 5 are connected with supply voltage VDD, SWL1 and SWL2 of 
drawing 5 are connected with ground potential VSS, and bias of the bias of the 
input side of an operational amplifier OPM is carried out for Comparator COLH 
through transistors MP1 and MN1. Since bias of the output side of an operational 
amplifier OPM is carried out through transistor MP3 and MN3 and transistors 
MP2, MP4, MN2, and MN4 do not operate, an operational amplifier OPM is a low 
power, and has the high stability over an oscillation. 



[0044] However, when the output Mout of an operational amplifier OPM is 
smaller than VREF (M-alpha), an electrical-potential-difference range is large. In 
this case, Comparator COHM takes out the signal of "H" level as a control signal 
to the potential near VREF (M-alpha). In order for SWH1, SWH2, SWL1, and 
SWL2 which were added to the interior of an operational amplifier OPM to 
change and to make transistors MP2, MP4, MN2, and MN4 into an ON state by 
this, the bias of an operational amplifier OPM and the capacity of an output stage 
are improved, consequently the frequency characteristics of an operational 
amplifier OPM and output drive capacity are improved. 
[0045] Soon, if the potential of the output Mout of an operational amplifier OPM 
rises to near VREF (M-alpha), Comparator COHM will output the signal of "L" 
level as a control signal, and the OFF state of the transistors MP2, MP4, MN2, 
and MN4 of an operational amplifier OPM will be carried out. The bias of an 
operational amplifier OPM and the transistor of an output stage will be in the 
condition of being return and a low power and having the high stability over an 
oscillation in the condition that a transistor is not added, by this. 
[0046] Next, the case where potential descends to VREF (M) and it converges 
from potential with the output Mout of an operational amplifier OPM higher than 
VREF (M) is explained. At this time, only an operational amplifier OPM operates 
and the initial state of the output Mout of an operational amplifier OPM completes 
the potential of the output Mout of an operational amplifier OPM to VREF (M), 
when potential is higher than VREF (M+alpha). Since an electrical-potential- 
difference range is as small as alpha at this time, even if the output Mout of the 
previous operational amplifier OPM rises and it drives only with an operational 
amplifier OPM like a case, high-speed operation is possible, and it is a low power, 
and has the high stability over an oscillation. 

[0047] However, when the output Mout of an operational amplifier OPM is larger 
than VREF (M+alpha), an electrical-potential-difference range is large. In this 
case, to the potential near VREF (M+alpha), Comparator COLM outputs the 
signal of "H" level as a control signal, SWH1, SWH2, SWL1, and SWL2 which 



were added to the interior of an operational amplifier OPM change, and 
transistors MP2, MP4, MN2, and MN4 are turned on. The bias of an operational 
amplifier OPM and the capacity of an output stage are improved by this, 
consequently the frequency characteristics of an operational amplifier OPM and 
output drive capacity are gone up. 

[0048] Soon, if the potential of the output Mout of an operational amplifier OPM 
descends to near VREF (M+alpha), Comparator COLM outputs the signal of "L" 
level as a control signal, SWH1 , SWH2, SWL1 , and SWL2 which were added to 
the interior of an operational amplifier OPM will change, and transistors MP2, 
MP4, MN2, and MN4 will be in an OFF state. The bias of an operational amplifier 
OPM and the transistor of an output stage will be in the condition of being return 
and a low power and having the high stability over an oscillation in the condition 
that a transistor is not added, by this. 

[0049] Therefore, in the condition that data are not changed, though it is the high 
stability and power consumption to an oscillation, a liquid crystal display driving 
gear can be accelerated, when data are changed. 

[0050] Actuation is explained in more detail. When the potential of the output 
Mout of an operational amplifier OPM is lower than an electrical potential 
difference VREF (M-alpha), Comparator COLM outputs the signal of "H" level as 
a control signal, and Comparator COHM outputs the signal of "L" level as a 
control signal. It operates, as the switches SWH1, SWH2, SWL1, and SWL2 of 
the operational amplifier OPM shown in drawing 5 show by this drawing 6 . 
[0051] By actuation of switches SWH1 and SWL1, Bias P and Bias N are 
impressed also to the gate of transistors MP2 and MN2, and the frequency 
characteristics of this condition of an operational amplifier OPM improve. 
Furthermore, with a switch SWH2, an input signal is impressed also to the gate 
of a transistor MP 4, and output current capacity improves. 
[0052] By this, the high-speed operation of the output Mout of an operational 
amplifier OPM becomes possible from potential lower than VREF (M-alpha) to 
VREF (M-alpha). Next, when the potential of the output Mout of an operational 



amplifier OPM is between electrical potential differences VREF (M-alpha) and 
VREF (M+alpha), Comparator COLM outputs the signal of "L" level as a control 
signal, and Comparator COHM outputs the signal of "L M level as a control signal. 
It operates, as this shows drawing 6 . 

[0053] Since the potential difference with the reference voltage of the output 
Mout of an operational amplifier OPM is less than 2alpha, the capacity of an 
operational amplifier OPM is made to lower and low-power-ize in this condition. 
At this time, the differential bias circuit of drawing 5 consists of transistors MP1 
and MN1, transistor MP3 for an output, and MN4, and both the frequency 
characteristics of an operational amplifier OPM and its current capacity are small. 
However, since transistors MP1 and MN1 and the transistor for an output can be 
constituted for a differential amplifier bias circuit from MP3 and MN4, low-power- 
ization is attained. 

[0054] Moreover, when the potential of the output Mout of an operational 
amplifier OPM is lower than an electrical potential difference VREF (M-alpha), 
Comparator COLM outputs the signal of "L" level as a control signal, and 
Comparator COHM outputs the signal of "H M level as a control signal. It operates, 
as the switches SWH1, SWH2, and SWL2 of the operational amplifier OPM 
which this showed to drawing 5 show drawing 6 . Furthermore, with a switch 
SWL2, the transistor for an output serves as transistor MP3 and MP4, and output 
current capacity improves. 

[0055] By actuation of switches SWH1 and SWL1 , Bias P and Bias N are 
impressed also to the gate of transistors MP2 and MN2, and the frequency 
characteristics of this condition of an operational amplifier OPM improve. By this, 
the high-speed operation of the output Mout of an operational amplifier OPM 
becomes possible from potential higher than VREF (M+alpha) to VREF 
(M+alpha). 

[0056] (Gestalt 3 of operation) Drawing 7 and drawing 8 show the liquid crystal 
display driving gear of the (gestalt 3 of operation) of this invention, drawing 7 - 
setting - RvO, RpepsilonO, Rv1, and Rn - epsilonO, RvM, and RpepsilonM 



RnepsilonM Rv (M+1), Rv (N-1), Rpepsilon (N-1), Rnepsilon (N-1), and RvN 
The resistance for carrying out resistance partial pressure of the potential 
difference between supply voltage VDD and ground potential VSS, and 
generating reference voltage, and OPO-OP (N-1) The electrical potential 
difference VREFO by which resistance partial pressure was carried out, 
VREFM, the operational amplifier that carries out the buffer of the VREF (N-1), 
SW00-SW0 (N-1), and ... SWMO-SWM (N-1), and ... SW (N-1)0-SW (N-1) (N-1) It 
is an output selection switch for choosing the output voltage of operational 
amplifiers OPO-OP (N-1), and outputs to liquid crystal panel LCD from Terminals 
OUTO-OUT (N-1). 

[0057] As for MNHO, the output circuit of a transistor MNHO is infixed between 
the output of the operational amplifier OP0 with which the N-channel MOS 
transistor with which reference voltage VREF (0+alpha) was impressed to the 
gate, and MPLO are the P-channel MOS transistors with which reference voltage 
VREF (0-alpha) was impressed to the gate, and buffer connection was made, 
and supply voltage VDD. The output circuit of a transistor MPLO is infixed 
between the output of an operational amplifier OP0, and ground potential VSS. 
[0058] Hereafter, similarly, about the operational amplifier OPM, the N-channel 
MOS transistor with which, as for MNHM, reference voltage VREF (M+alpha) 
was impressed to the gate, and MPLM are the P-channel MOS transistors with 
which reference voltage VREF (M-alpha) was impressed to the gate, and the 
output circuit of Transistor MNHM is infixed between the outputs of an 
operational amplifier OPM and supply voltage VDD by which buffer connection 
was made. The output circuit of Transistor MPLM is infixed between the output of 
an operational amplifier OPM, and ground potential VSS. 
[0059] The N-channel MOS transistor with which, as for MNH (N-1), reference 
voltage VREF (N-1) (+alpha) was impressed to the gate about the operational 
amplifier OP (N-1), MPL (N-1) is the P-channel MOS transistor with which 
reference voltage VREF (N-1) (-alpha) was impressed to the gate, and the output 
circuit of Transistor MNH (N-1) is infixed between the outputs of an operational 



amplifier OP (N-1) and supply voltage VDD by which buffer connection was 
made. The output circuit of Transistor MPL (N-1) is infixed between the output of 
an operational amplifier OP (N-1), and ground potential VSS. 
[0060] In drawing 7 , if an operational amplifier OPM is observed, it can write like 
drawing 8 . As shown in drawing 8 , it is the resistance which generates 
reference voltage, and resistance R1_3, R2_3, RpepsilonM, and RnepsilonM 
connect with resistance R1J5 the electrical potential difference VREF (M+alpha) 
pressured partially by resistance RpepsilonM-R 2_3 at the gate of Transistor 
MNHM, and the drain of Transistor MNHM is connected to supply voltage VDD, 
and they connect the source to the output Mout of an operational amplifier OPM. 
Furthermore, the electrical potential difference VREF (M-alpha) pressured 
partially by resistance R2_3 is connected with resistance R1_3 - RnepsilonM at 
the gate of Transistor MPLM, the drain of Transistor MPLM is connected to 
ground potential VSS, and the source is connected to the output Mout of an 
operational amplifier OPM. Moreover, the electrical potential difference VREF (M) 
pressured partially by R1_3 - RnepsilonM, and RpepsilonM-R 2_3 is impressed 
to the noninverting input (+) of an operational amplifier OPM, and an operational 
amplifier OPM is outputted through Switch SWM as a configuration of a voltage 
follower. Moreover, when Switch SWM is not chosen, the output voltage V0 of 
other operational amplifiers is outputted through a switch SWO. 
[0061] Thus, about the constituted liquid crystal display, the actuation is 
explained below. If the switch SWO is chosen and Switch SWM is chosen from 
the condition that electrical potential differences other than VREF (M) are 
outputted, VREF (M) will be outputted to the output voltage of an operational 
amplifier OPM. 

[0062] In this case, the method of electrical-potential-difference change of the 
output Mout of an operational amplifier OPM may descend from an electrical 
potential difference lower than the case where it goes up from an electrical 
potential difference lower than VREF (M) to VREF (M), and VREF (M), and may 
be converged. 



[0063] First, the case where potential rises to VREF (M) and it converges from 
potential with the output Mout of an operational amplifier OPM lower than VREF 
(M) is explained. Since an electrical-potential-difference range is small, it can 
make VREF (M) converge only operational amplifier OPM on a high speed with 
(alpha-Vthp), when setting the threshold electrical potential difference of 
Transistor MNHM to Vthp at this time, and Terminal OUTM is larger than 
(VREF(M+alpha)-Vthp). 

[0064] However, when smaller than (VREF(M+alpha)-Vthp), an electrical- 
potential-difference range is large. In this case, to (VREF(M+alpha)-Vthp), 
Transistor MNHM turns on and supply voltage VDD is supplied till supplying the 
output Mout of an operational amplifier OPM (VREF(M+alpha)-Vthp). When the 
output Mout of an operational amplifier OPM comes to (VREF(M+alpha)-Vthp), 
Transistor MNHM turns off, you cut off supply from supply voltage VDD, and an 
operational amplifier OPM makes it converge from (VREF(M+alpha)-Vthp) to 
VREF (M). 

[0065] Next, the case where potential descends to VREF (M) and it converges 
from potential with the output Mout of an operational amplifier OPM higher than 
VREF (M) is explained. Since an electrical-potential-difference range is small, it 
can make VREF (M) converge only operational amplifier OPM on a high speed 
with (- alpha+Vthn), when considering as the threshold electrical potential 
difference Vthn of Transistor MPLM at this time, and the output Mout of an 
operational amplifier OPM is smaller than (VREF(M-alpha)+Vthn). 
[0066] However, when larger than (VREF(M-alpha)+Vthn), an electrical-potential- 
difference range is large. In this case, to (VREF(M-alpha)+Vthn), Transistor 
MPLM turns on and ground potential VSS is supplied till supplying the output 
Mout of an operational amplifier OPM (VREF(M-alpha)+Vthn). When the output 
Mout of an operational amplifier OPM comes to (VREF(M-alpha)+Vthn), 
Transistor MPLM turns off, you cut off supply from ground potential VSS, and an 
operational amplifier OPM makes it converge from (VREF(M+alpha)-Vthn) to 
VREF (M). 



[0067] 

[Effect of the Invention] Since a comparator and the added transistor do not 
operate as mentioned above in the condition that data do not change by having 
newly added the transistor between a comparator, and a power source and an 
operational amplifier to the system according to this invention Though it is 
stability equivalent to the former, and power consumption, in the condition that 
data change Output voltage supplies [ this comparator ] a high speed from supply 
voltage VDD or ground potential VSS to near VREF through a switch, the added 
transistor - from (VREF+Vthp+alpha) supply voltage VDD or ground potential 
VSS (VREF-Vthn-alpha) - up to - by supplying, it becomes possible to 
accelerate without making it dependent on the capacity of an operational 
amplifier. 

[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The block diagram of the liquid crystal display driving gear in the 

(gestalt 1 of operation) of this invention 

[Drawing 2] The explanatory view of the gestalt of this operation 



[Drawing 3] The block diagram of the liquid crystal display driving gear in the 

(gestalt 2 of operation) of this invention 

[Drawing 4] The explanatory view of the gestalt of this operation 

[Drawing 5] The circuit diagram of the operational amplifier of the gestalt of this 

operation 

[Drawing 6] The related Fig. of each output state of the comparator of the gestalt 

of this operation, and the change condition of each switch 

[Drawing 7] The block diagram of the liquid crystal display driving gear in the 

(gestalt 3 of operation) of this invention 

[Drawing 8] The explanatory view of the gestalt of this operation 

[Drawing 9] The block diagram of the conventional liquid crystal display driving 

gear 

[Drawing 10] The explanatory view of the example of ****** 
[Description of Notations] 
VDD Supply voltage 
VSS Ground potential 

out (N-1) from outO, OUTM Output terminal of a liquid crystal display driving gear 
VREF (0) - VREF (N) Nth electrical potential difference of the electrical potential 
difference which pressured VDD and VSS partially by RO-RN 
VREF (M) Electrical potential difference which pressured VDD and VSS partially 
by Resistance RO-RM and Resistance R (M-1) and RN 

V0 One electrical potential difference in in VREF (0) to VREF(s) (N-1) other than 
VREF (M) 

VREF (M+alpha) VREF (M) - alpha (> 0) - high electrical potential difference 

VREF (M-alpha) VREF (M) - alpha (> 0) - low electrical potential difference 

OP0- OP (N-1) and OPM Operational amplifier 

SW00-SW (N-1) (N-1) Switch 

SWHM, SWLM Switch 

COHM, COLM Comparator 

SWH1, SWH2 Switch 



SWL1.SWL2 Switch 
MP1-MP4 P-channel MOS transistor 
MN1-MN4 N-channel MOS transistor 
MPLO-MPL (N-1) P-channel MOS transistor 
MNHO-MNH (N-1) N-channel MOS transistor 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 
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[Drawing 3] 



Vfcf<D+a) 

Vbef(o) 
Vttf(o-a) 



VREF(ftta) 
VBEf(Pha) 



Vttf((H-1)*a) 



Vlff{<IH)-a) 



SMfa 

/ /SWtahD ,sw(lM)o 

r ^ 11 SW(N-1)k 



SW(M-1)(i-i) 




falT(M) 



Drawim 


3 6] 


cow 


com 


Sttl 


Stoa 




SttJ 






L 


L 


VDC 


VDD 


V8S 


vss 


'J* 


* 


L 


H 


Kim 






vss 




* 


H 


L 




vw> 








* 


H 


H 















[Drawing 4] 





[Drawing 8] 
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[Drawing 7] 
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[Drawing 9] 




[Drawing 10] 
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